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Abstract 

Pure pkanwa films were deposited onto SrO 2 <100 ms}/Si esiag MeCpPrMej and oxygea by xnetelorsanic chemical vapor dcposJdon 
(MOCVD). Platinum deposition was controlled by gas phase mass transfer with an apparent activation energy of 2.2 kcal mol" 1 within 
the temperature range of 300-^50 °C Hho formation greatly depended on the nutleation and the growth rate according to the deposition 
temperatures. The deposition at 450 *C was mainly controlled by the growth race and at 350 °C was governed by the nucleauon rate. 
Holes fanned on Pt films deposited si 350 °C were affected by the variation of oxygen flow races. Holes within the films increased the 
film resistivity. MOCVD- Pt showed an excellent step coverage and a smooth and stable state after deposition of BST at 600 *C. © 1997 
Elsevier Science S.A. 
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1. Introduction 

Than file* of platinum are used extensively in micro- 
eJectronics device processing [[& eiectrodeless metal 
plating [31 and protective coatings for specialized instru- 
ments [4). Platinum is an excellent metal because of its low 
resistivity, high thermal stability, and corrosion resistance. 
Recently, Pt thin films have been used as bottom elec- 
trodes of semiconducting memory capacitors and they are 
mainly prepared by sputtering and ion beam deposition. 
When Pt films are deposited by sputtering, chin films have 
a large compressive stress and many pinholes are formed 
to itikvc the compressive stress when ferroeJmric thin 
films are deposited on the Pt bottom electrode at high 
temperatures (500-800 *C> [5]. Pinholes in ferroelectric 
thin films have a bad influence on the electrical 

properties 

of thin films. Therefore* when Pt films are prepared by 
CVD, compressive stress could be excluded [6]. Thermal 
deposition of platinum from the vapor phase has been 
reported with use of PtCacety!acetonate) 2 . PcCPF 3 ) 4 , or 
PKCO^Cl, [7.81 These depositions require high tempera- 
ture (200-600 °C), and the films are contaminated by 
heteroatoms from the Itgands. Recently, many groups have 
reported chemical vapor deposition (CVD) using 
organometallic compounds [6], In this study, Pt thin films 
were deposited using Gnemytcyclc^taoleayDtrimeihyl- 
plarinutrrCvleCpPtMe,), (CH^CHjCjH^Pt, precursors 
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in the presence of oxygen by MOCVD. Kinetics of the 
film formation were mainly evaluated with the microstruof 
ture. and the possibility for a bottom electrode of the 
ferroelectric thin films was investigated. 



2* Experimental procedure 

PI annum films were deposited onto SiO 2 (100 nm)/Si 
substrates by MOCVD. MeCpPtMej as Pt precursor was 
used to grow the Ft thin films. Oxygen and hydrogen were 
used as reaction gases to deposit Pt films. The growth 
system used for the Pt deposition . consists of a vertical 
cold- wall reactor and a gas flow system as shown in Hg; 
1. The deposition was performed at the temperature range 
of 300-450 d C for the various deposition rimes. The Pt 
source was vaporized at 10*C into a stream of 20 ml mm" 1 ; 
argon carrier gas. Both oxygen and hydrogen were intro- 
duced throngh a separate line at 10-50 ml rain -1 . Hie 
detailed deposition conditions were tabulated in Table I. 
The film thickness and the surface morphologies were 
determined from die cross-sectional and surface images by 
scanning electron microscopy (SEM, AKASH3 DS-130C), 
respectively. X-ray diffraction (XRD, RigaJai D/MAX-* 
RC) using CuKa radiation and Ni filter was used to" 
determine the crystal phase and the preferred orientation of 
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the films. The film composition was determined by Auger 
electron spectroscopy (AES, Perkin-Elmer SAM 4300) and 
the film resistivity was measured with an electrometer 
using a four-point probe. Pc films were deposited on 
polypi patterning for the investigation of step coverage, 
(Ba.Sr)TiOj(BST> thin films were deposited onto 
MOCVD-Pt by plasma-enhanced metalorganic chemical 
vapor deposition (PBMOCVD). 



3. Experimental results and discussion 

Hg. 2 shows Auger electron spectra of Pi thin films 
deposited at 450 °C using H 2 and O a reaction gases. Fig. 
2(a) shows AES spectra of a$-reccivcd and sputter-etched 
(for 0.6 min) Pi films deposited using hydrogen. Xee et aL 
[9] reported that platinum films grown from MeCpPtMej 



Table 1 




Deposition condition* of platinum film* 


. . ., . ~ . 


Deposition parameter 


Rang* 


D*po$irion tcmperatores 


300^50 «C 


Substrates 


SiO- (100 nm)/Si, 




T»/Si0 2 /SI 




MfiOOOO) 


Deposition U£ac 


80 9-12 min 


Bubbling temperature of MeCpPtMe, * 


10°C 


Ar gas flow nue of Pi source 


20 ml mm" ' 


Oayyen and hydrogen $*$ flow rate 


10-50 ml min 


Deposition pressure 


2.0 Ton 



4 MeCpPr,Me 3 : (MetiiyleyeiopeQtndienyOtrimethylpIatinurn: 

in hydrogen were of exceptional purity. However* Pt films 
sputter-etebed for 0.6 min contained a carbon (275 eV) as 
before. Thcscresnlu suggested that Pi deposition in hycro- 




1 Mai* Row controller 

2 Nradle valve 

3 Soure* babbler 

4 Ptessjr* 3*ugo 

5 V/ztv vest** 

6 Heating Upo 

7 Th<!TTTKK©Up}e QlUQs 

$ Substrata 

9 Nazzfe 

10 Pump vaJva 
n Rotary pump 
12 Heating sowrco 



Fim L Schematic diagram of the reactor for Pt chemical vapor deposition. 




to 390 Wo 
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<*> <b) 
Pig. 2. At^clocoon spectra of Pt thin films deposited with CaT^ and <b) 0 2 reaction gases (H, fiow rate 60 O, flow re* SO nflmir '). 
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3. The ef/eci of the deposition temperature on the depo? itior, rstc. 

pen was not enough to get rid of carbon contamination 
formed from the dissociation of MeCpPtMe*. Auger elec - 
tron spectra of Pt films deposited with oxygcn> ips tead off 
hydrogen are shown in Fig. 2(h) AkhQjA&h_caibon \$ 
present op the surface of the as-grown filnu the carbon 
peak disappeared after sputter-etching for 6.2 mtn anc the' 



ffw, Yoon/Tkm SoTtd films SOS (1997) 136-142 

peak (241 eV) showii^groW , ^PPW^ > The carbon on. 

:he surface of the as-grown Hlrn is dye to commroation 
caused by handling. The carbon originated from the disso- 
ciation of MeCpPtMcj reacted with oxygen ai high deposi- 
tion temperature 2nd risen products were exhausted front 
the reactor. Therefore, in this study, Pt deposition was; 
performed using oxygen instead of hydrogen, as the reaci 
don gas. 

Fig. 3 shows the effect of the deposition temperature on 
the deposition rate. As shown in Fig. 3, it is understood 
that the relation between deposition rate and \/T consists' 
of a straight line of small gradient under the present 
experimental conditions. In general* the deposition reaction 
is Controlled by surface reaction when the apparent activa-' 
tion energy is between 10 and 50 kcal moJ~ l , and by gas' 
phase mass transfer when the apparent activation energy isr 
less than 10 kcal mo!" 1 [10]. In Fig. 3, the apparent 
activation energy obtained by the Least mean squares 
method is about 2,2 kcal rnoP 1 . Hence the deposiriort 
reaction was controlled by gas phase mass transfer in these 
experiments. 

Fig. 4 shows SEM images of platinum deposited on- 
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Kg, 4. $EM image* of thin films deposited 
450 *C, and <0 owo M$0 at 450 *C. 



omo SiOi/Si 41 various temperatures of <a> 300 °C. (b) 350 *C (c) 400 -C. (d) 4S0 «C (e> onto Ta/SiO./Si ai. 
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Fig. 6. STEM scrfao* and cross-stocnunal images of Pi film* deposited at 450 "C ft* 12 min (trobblinj tenxperaiwe of MeCpftMep 20 *CD. 



SiO^/Si a* various temperatures under the oxygen flow 
rate of 50 ml mm" 1 . Fig. 4(e) and (0 show the images 
deposited on Ta/SiOn/Si and MgO substrates at 450 °C. 
respectively. The grain size of Pt films increased with 
increasing deposition temperatures. However, pi annum 
films deposited at 400 °C show a few holes and at 450 °C 
Show many holes at grain edges. The formation of holes at 
450 °C could be explained as follows: the first reason is 
the formation of a second phase such as PtjSi, possibly by 
a reaction with Si substrate at high deposition tempera* 
cures; the second is the relationship of the nucleation and 
the growth rate with the deposition u^mperarures. The first 
reason can be examined through the surface morphologies 
as shown in Fig. 4(e) and <f). IT many holes were the 
second phase formed by reaction with Si substrate at 450 
*C platinum films deposited on Ta/SiOj/Si and MgO 
substrates should act show any holes. However, films 
deposited onto MgO substrate at 450°C also show the 
same boles as those of St substrate. Therefore, the forma- 
tion of holes at high temperatures (450 °C) should be 
explained differently. The second reason can be examined 
through the microstructure shown in Fig. 5. Fig. 5(A) and 
OB) show the SEM surface images of films deposited ax 
350 °C and 450 *C. respectively, for various deposition 
times. Oxygen flow rate during the deposition was kept at 
50 tnlrmn' 1 . Films deposited for 80 s at 450 *C already 
had a mean grain size of about 40 am and had many 
crevices between the grains. However, films deposited for 
SO s at 350 *C contained more grains than those at 450 °C 
and only a few and small crevices. Films deposited for 3, 
6, 9 and 1 2 ruin at 450 °C showed an abrupt gram growth 
and large boles with increasing deposition times. Although 
the films were deposited over long times, holes did not 
disappear any more. However, the crevices of the films 
deposited at 350 °C decreased as the deposition time 
increased and eventually films deposited for 6 ™*n showed 
a smooth microstructure without any boles. Films de- 
posited for longer man 6" oiin showed an almosi similar 
structure to those of 6 min. The nucleation and the growth 
rate were greatly dependent on the deposition temperature. 
The deposition at 350 °C suggested that the nucleation tate 



was dominant compared with the growth rate. Therefore," 
platinum film was almost completely cohered with the- 
grains at the initiai stage of deposition. From the mi-; 
crostructure of films deposited at 450 °C> we can conclude' 
that the deposition at 450 °C was governed by the growth 
rate rather than the nucleation rate and the deposition at 
450 °C was not enough to get rid of holes. Fig. 6 shows-; 
the SEM surface and cross-sectional images of Pt films 
deposited at 450 °C for 12 min. The bubbling temperature 
of the Pt source was about 20 °C. The corjoentralion of 
MeCpPtMe 3 was about two times as large as that of Fig/ 
5(b)-(e). The increase of Pt source concentration increases! 
the thickness of Pi films from 150 to 220 arc and de-\. 
creases the hole size of Pt films. As mentioned in relation' 
to Fig. 3, these experimental results suggested that the Pt- 
CVD was controlled by the gas phase diffusion rnscha-; 
nism. 

Fig. 7 shows the variation of film resistivity for various: 
oxygen flow rates. Fig. 7 also reveals the influence ofy 
holes on the film resistivity. Resistivity of films deposited; 
at 350 and 450 °C monotonieaJJy decreased with increas- • 
tng oxygen flow rates. The solid line indicates the bulk 
resistivity of platinum. The resistivity of films deposited 2t 




0 to 2C 30 40 50 
C 2 FLOW RATE fmVmci] 

Kg. 7. Dependence of tfct fdm resistivity on oxygen How rates. (-■-: 
tJepoiuioa Umpctwore 450 °C ; : deposition temperature 350 "C 
: butt, resistivity of pteirtan). 
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450 °C was almost the same as that at 350 °C up to 20 
mlmm -1 of oxygen flow rate, but Increased by a factor of 
about 13 when the oxygen flow rate increased from 20 to 
50 ml miD" 1 . The reason for these results could be ex- 
plained with the microstractures of Pi films deposited with 
various oxygen flow rates at 450 and 350 °C as shown in 
Fig. 8(A) and (B), respectively. As shown in Fig. 3. 
because platinum deposition was controlled by gas phase 
mass transfer, film formation was affected by the concen- 



tration of MeCpPtMcj and oxygen. However, the concen- ' 
ration of McCpPtMe 3 was always constant in this experi- 
ment regardless of the variation of oxygen flow rate. As.: 
shown in Fig. 8(A), platinum films deposited at 450 *C : 
have many holes in spite of the increase of oxygen flow ' : 
rates, because the tUm formation was controlled by the' 
growth rate. However, because films deposited at 350 *C 
Ofig. 8(B)) were governed by the nudeation rate, the many ; 
small holes formed at small oxygen content decreased with 1 




^fh !P? T*** imA5C f ° fPlUunCJm$ <*P™** " CA) 450 *C sad ft) 3SO *C fcr «vg« flW ^ (Oxy S « flow rates Of W CO 10 ft>) 
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Fi§. 9. SEM pj¥xo$r*ph iodicaijog Pi us? coverage on poly-Si pautms. 
0^?o?J;iOD ;cmpcra«r« of Pti 350 *C). 



increasing oxygen content and completely disappeared at 
toe oxygen flow rate of 40 mlmin^ 1 . Rims deposited a; 
350 °C had many holes op to the oxygen flow* rate of 20 
ml rain" 1 and holes abruptly decreased on increasing 
above 20 mlmixT 1 . Therefore, resistivities of films de^ 
posited at 450 and 350 *C for the variation of oxygen flow 
rates were greatly dependent on the holes in films. 

Fig. 9 shows a SEM photograph indicating the Pi step 
coverage on poJy-Si patterns. 0Ba,Sr)TiO 3 CB$T> films were 
deposited on Pt film at 600 °C by plasma-enhanced met- 
alorganic chemicaJ vapor deposition (PEMOCVD). 
MOCVD-Pt showed an excellent step coverage and a 
smooth and stable state after deposition of RST at high 
temperature. However, FEMOCVD-B5T film showed a 
poor step coverage. 



4. Conclusions 

Platinum films by MOCVD were controlled by gas 
phase mass transfer in these experiments. The growth 



mechanism revealed that the deposition at 450 °C was 
governed by the growth rate and at 350 °C was controlled; 
by ihe nucleation rate. Holes tonntd at the grain edges; 
greatly affected the film resistivity. Platinum films de- 
posited at 350 °C and oxygen flow rate of 50 mlmin" 1 did 
not show any holes and showed almost similar resistivity 
(10.5 |*flcm) to that of the bulk. The platinum bottom 
electrode showed excellent step coverage and a stable and 
uniform state after deposition of (£a^r)Ti0 3 thjn films at 
600 °C by plasma-enhanced metalorganic chemical vapor, 
deposition (PEMOCVD). 
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